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(54) HONEYCOMB FILTER AND CERAMIC FILTER ASSEMBLY 



(57) A ceramic filter assembly having improved ex- 
haust gas processing efficiency. The ceramic filter as- 
sembly (9) is produced by adhering with a ceramic seal 



layer (1 5) outer surfaces of a plurality of filters (F 1 ), each 
of which is formed from a sintered porous ceramic body. 
The seal layer (15) has a thickness of 0.3mm to 3mm 
and a thermal conductance of 0.1W/mK to 10W/mk. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a honeycomb filter and a ceramic filter assembly, and more particularly, to a 
honeycomb filter formed from a sintered ceramic body and an integral ceramic filter assembly produced by adhering 
a plurality of honeycomb filters to one another. 

BACKGROUND ART 

[0002] The number of automobiles has increased drastically this century. As a result, the amount of gas discharged 
from automobile engines has continued to increase proportionally. Various substances suspended in the exhaust gas 
that is emitted, especially from diesel engines, cause pollution and severely affect the environment. Further, recently 
reported research results have shown that the fine particles suspended in gas emissions (diesel particulates) may 
cause allergies or decrease sperm counts. Thus, actions to eliminate the fine particles suspended in gas emissions 
must immediately be taken for the sake of mankind. 

[0003] Due to this situation, many exhaust gas purification apparatuses have been proposed inthe priorartrA typicar 
exhaust gas purification apparatus includes a casing, which is located in an exhaust pipe connected to an exhaust 
manifold of an engine, and a filter, which is arranged in the casing and has fine pores. In addition to a metal or an alloy, 
the filter may be formed from ceramic. A cordierite honeycomb filter is a known example of a ceramic filter. Recent 
filters are often formed from sintered porous silicon carbide body that is advantageous from the viewpoints of heat 
resistance and mechanical strength, has a high accumulating efficiency, is chemically stable, and has a small pressure 
loss. 

[0004] The pressure loss refers to the difference between the pressure value taken upstream of the niter and the 
pressure value taken downstream of the filter. A main cause of power loss is the resistance the exhaust gas encounters 
when passing through a filter. 

[0005] The honeycomb filter includes a plurality of cells extending along the axial direction of the honeycomb filter. 
When the exhaust gas. passes through the filter, the walls of the cells trap fine particles. This removes fine particles 
from the exhaust gas. 

[0006] However, the honeycomb filter, which is made of a sintered porous silicon carbide body, is vulnerable to 
thermal impacts. Thus, larger filters are liable to crack. Accordingly, a technique for manufacturing a large ceramic filter 
assembly by integrating a plurality of small filters has recently been proposed to prevent breakage resulting from cracks. 
[0007] A typical method for manufacturing a ceramic filter assembly will now be discussed. First, ceramic raw material 
is continuously extruded from a mold of an extruder to form an elongated square honeycomb molded product. After 
the honeycomb filter is cut into pieces of equal length, the cut pieces are sintered to form a filter. Subsequent to the 
sintering process, a plurality of the filters are bundled and integrated by adhering the outer surfaces of the filters to 
each othex with acecamic.seal .layer having.athickness of 4 to 5mm. This completes the desired ceramic filter assembly. 
[0008] A mat-like thermal insulative material, made of ceramic fiber or the like, is wrapped about the outer surface 
of the ceramic filter assembly. In this state, the assembly is arranged in a casing, which is located in an exhaust pipe, 
[0009] However, in the prior art, there is a shortcoming in that the fine particles trapped in the ceramic filter assembly 
do not burn completely and some of the fine particles remain unburned. Accordingly, the efficiency for processing the 
exhaust gas is low. 

[0010] Further, the honeycomb filter of the prior art has corners. Thus, there is a tendency of stress concentrating 
on the corners of the outer surface and chipping the corners. Further, the seal layer may crack and break the ceramic 
filter assembly from the corners thereby damaging the entire ceramic filter assembly. Even if the assembly does not 
break, there is a shortcoming in that leakage of the exhaust gas may decrease the processing efficiency. 
[0011] During usage of the filter assembly, a high temperature difference between the honeycomb filters may cause 
thermal stress to crack the honeycomb filters and break the entire assembly. Thus, the strength of each honeycomb 
filter must be increased to increase the strength of the honeycomb filter assembly. 

[0012] The prior art ceramic filter assembly as a whole has a rectangular cross-section. Thus, the periphery of the 
assembly is cut so that the assembly as a whole has a generally round or oval cross-section. 

[0013] However, the filter has a plurality of cells. Thus, if the periphery of the assembly is cut, the cell walls are 
exposed from the peripheral surface subsequent to the cutting. This forms lands and pits on the peripheral surface. 
Thus, even if the assembly is accommodated in the casing with the thermal insulative material attached to the peripheral 
surface of the assembly, gaps are formed in the longitudinal direction of the filters. Thus, exhaust gas tends to leak 
through the gaps. This lowers the processing efficiency of the exhaust gas. 

[0014] With regard to diesel particulates trapped in the honeycomb filter, it has been confirmed that particulates 
having a small diameter have a high lung attaching rate and increase the risk to health. Thus, there is great need to 
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trap small particulates. 

[0015] However, when the pore diameter and the porosity of the honeycomb filter are small, the honeycomb filter 
becomes too dense and hinders smooth passage of the exhaust gas, which, in turn, increases the pressure loss This 

owers the driving performance of the vehicle, lowers fuel efficiency, and deteriorates the driving performance 
[0016] On the other hand, if the pore diameter and porosity rate are increased, the above problems are solved 
However, the number of openings in the honeycomb filter becomes too large. Thus, fine particles cannot be trapped 
This decreases the trapping efficiency. Further, the mechanical strength of the honeycomb filter becomes low 

I 1 * 3 firSt ° bJeCt t0 pr0Vide 3 Ceramic filter assemb| y havin 9 ™ improved exhaust gas processing efficiency 

nn.f - S 3 SeC0 " d ° bjeCl ° f the present invention t0 P r o v '°e a ceramic filter assembly having superior strength 
[0019] It is a third object of the present invention to provide a ceramic filter assembly that prevents fluid leakage from 
the peripheral surface. 

[0020] It is a fourth object of the present invention to provide a honeycomb filter having small pressure loss and 
superior mechanical strength. 

SUMMARY OF THE INVENTION 

[0021] A first perspective of the present invention is an integral ceramic filter assembly produced by adhering with 
a ceramic seal layer outer surfaces of a plurality of filters, each of which is formed from a sintered porous ceramic 
mivL S yet haS 3 thickness of °- 3mm t0 3mm and a dermal conductance of 0.1W/mK to 10W/mk 
[0022] A second perspective of the present invention is an integral ceramic filter assembly produced by adhering 
with a ceramic seal layer outer surfaces of a plurality of elongated polygonal honeycomb filters, each of which is formed 
from a sintered porous ceramic body. Round surfaces are defined on chamfered corners of the outer surface of each 
honeycomb filter, and the round surfaces have a curvature R of 0.3 to 2.5. 

[0023] A third perspectives the present invention is an integral ceramic filter assembly produced by adhering with 
a ceramic seal layer outer surfaces of a plurality of filters, each of which is formed from a sintered porous ceramic 
body The ceramic filter assembly includes a ceramic smoothing layer applied to the outer surface of the assembly 
which as a whole has a generally circular cross-section or generally oval cross-section. 

[0024].. . A fourth.perspective.of.thapresent invention is^anintegrakceramieTiltef, assemblyprodticed by adhering,with-- 
a ceramic seal layer outer surfaces of a plurality of elongated honeycomb filters, each of which is formed from a sintered 
porous ceramic body. A ratio US between a filter length L in a flow direction of a processed fluid and a filter cross- 
section S in a direction perpendicular to the flow direction is O.oemm/mm 2 to 0.75mm/mm2 

[0025] A fifth perspective of the present invention is an integral honeycomb filter assembly produced by adhering 
with a ceramic seal layer outer surfaces of a plurality of honeycomb filters, each of which has a plurality of cells defined 
by a cell wall and which purifies fluid including particulates with the cell wall. A specific surface area of grains forming 
the cell wall is 0.1 m 2 /g or more. 

[0026] A sixth perspective of the present invention is an elongated honeycomb filter formed from a sintered porous 
ceramic body. A ratio US between a filter length L in a flow direction of a processed fluid and a filter cross-section S 
in a direction perpendicular to the flow direction is 0.06mm/mm2 to 0.75mm/mm2. 

[0027] A seventh perspective of the present invention is a honeycomb filter formed from a sintered porous ceramic 
body. An average pore diameter of the honeycomb filter is 5 to 15u m, an average porosity is 30 to 50%. and the 
honeycomb filter has 20% or more of through pores. 

[0028] An eighth perspective of the present invention is a honeycomb filter having a plurality of cells defined by a 
eel wan and purifying fluid including particulates with the cell wall. A specific surface area of grains forming the cell 
wall is O.lrrwg or more. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0029] 

Fig. 1 is a schematic view showing an exhaust gas purification apparatus according to a first embodiment of the 
present invention. 

Fig. 2 is a perspective view showing a ceramic filter assembly of the exhaust gas purification apparatus of Fig. 1 . 

Fig. 3 is a perspective view showing a honeycomb filter of the ceramic filter assembly of Fig. 2. 

Fig. 4 is an enlarged cross-sectional view showing the main portion of the exhaust gas purification apparatus of 
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Fig. 5 is an enlarged cross-sectional view showing the main portion of the ceramic filter assembly of Fig. 2. 
example 3 " en ' ar9ed cross - sectional v 'ew showing the main portion of a ceramic filter assembly of a first modified 

Fig . 7 is a perspective view showing a honeycomb filter according to a second embodiment of the present invention. 

Fig. 8 is an enlarged cross-sectional view showing the main portion of a ceramic filter assembly. 

Fig 9 is an enlarged cross-sectional view showing the main portion of a ceramic filter assembly according to a 
first modified example. * 

Fig. 10 is a perspective view showing the honeycomb filter according to the first modified example. 

Fig. 11 is a perspective view showing a honeycomb filter according to a second modified example. 

Fig. 12- is a perspective view-showing a honeycomb-frlter according-to a-third'modified exampler 

Fig. 13 is a side view showing a ceramic filter assembly according to a third embodiment of the present invention. 

Figs. 14(a) to 14(c) are schematic perspective views illustrating a manufacturing process of the ceramic filter 
assembly of Fig. 13. 

Fig. 15 is a side view showing a ceramic filter assembly according to a modified example. 

Fig. 1 6 is a perspective view of a ceramic filter assembly according to a fourth embodiment of the present invention. 

Fig. 17 is a perspective view showing, a filter of the ceramic filter assembly 3 of Fig. 16. 

Fig. 18(a) is a schematic cross-sectional view showing the filter of Fig. 17, and Fig. 18(b) is a schematic side view 
showing the filter of Fig, 17. 

Fig 19 is a perspective view showing a honeycomb filter provided with a honeycomb structure according to fifth 
and sixth embodiments of the present invention. 

Fig. 20 is a cross-sectional view showing the filter 59 of Fig. 19 taken along line 20-20. 
Fig. 21 is an enlarged cross-sectional view showing the main portion of an exhaust gas purification apparatus. 
Fig. 22 is a perspective view showing a ceramic filter assembly. 
BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] A diesel engine exhaust gas purification apparatus 1 according to a first embodiment of the present invention 
will now be described with reference to Figs. 1 to 5. 

[0031] Referring to Fig. 1, the exhaust gas purification apparatus 1 is an apparatus for purifying the exhaust gas 
emitted from a diesel engine 2, which serves an internal combustion engine. The diesel engine 2 has a plurality of 
cylinders (not shown). Each cylinder is connected to a branch 4 of an exhaust manifold 3, which is made of a metal 
material Each branch 4 is connected to a single manifold body 5. Accordingly, the exhaust gas emitted from each 
cylinder is concentrated at one location. 

[0032] A first exhaust pipe 6 and a second exhaust pipe 7, which are made of a metal material, are arranged down- 
stream to the exhaust manifold 3. The upstream end of the first exhaust pipe 6 is connected to the manifold body 5 A 
tubular casing 8 made of a metal material is arranged between the first exhaust pipe 6 and the second exhaust pipe 
7. The upstream end of the casing 8 is connected to the downstream end of the first exhaust pipe 6. and the downstream 
end of the casing 8 is connected to the upstream end of the second exhaust pipe 7. With this structure it may be 
considered that the casing 8 is arranged in the exhaust pipes 6. 7. The first exhaust pipe 6, the casing 8 and the 
second exhaust pipe 7 are communicated with each other so that exhaust gas flows therethrough 
[0033] As shown in Fig. 1 , the middle portion of the casing 8 has a diameter larger than that of the exhaust pipes 6 
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1££2&*X^ T casin9 8 is lar9er ,han ,hat of the exhaust pipes 6 - 7 A M "-•»-* • ■ 

[0034] A thermal insulative material 10 is arranged between the outer surface of the assembly 9 and the inner surface 
of the casmg 8. The thermal insulative material 10 is a mat-like materia, including ceramic fibers and has a! ickness 

tzT* m T ::r to severai ,e , ns of miiiime,ers - ,i is preferred that the ssz; 

h y expansive refers ,0 ,he re 'ease °f thermal stress through an elastic structure. This is to minS 

iTon^r^T^ by p ; eventing heat from being reieased from ,he ^ of L * zs 

ceramic f, Z o ° f h Ce ' am,c " bers usin 9 the heat produced during reproduction prevents displacement of the 
ceramic filter assembly 9. which would result from the pressure of the exhaust gas or vibrations produced by the moving 

fSe f„L h r e mPR IT t TT** **** P articulates and ■ «« normally referred to as a diesel par- 

fl lie s F E onLXn T m c ? 2 Fig " 4 ' the aSSCmbly 9 is f0rmed b * bund,in 9 and integrating a plurality of 
filter* F. Elongated square filters F1 are arranged at the central portion of the assembly 9, and the outer dimension of 

IngZ 3 %S^f£^TF m ? t l B7 r (r6fer ,0 3) - RlterS F1 1Mat have f ° rmS d ^e^r 9 Z the 

isr.ss: rassczrs; ^z\zr re fi,ters F1 This forms the ~ 9 - 

[00361 These filters F1 are made of a sintered porous silicon carbide, which is one type of sintered ceramic The 
reason for employing sintered porous silicon carbide is because it is advantageous especially 1 That K has^ior 

siSn e n S S nCe T T COnductance - ln addition to sintered porous silicon'carbide, the sinter materia, may be 
silicon nitride, sialon, alumina, cordierite, or mullite. y De 

[0037] As shown in Fig. 3 and the other drawings, the filters F1 have a honeycomb structure The reason for emolovino 
the honeycomb structure is in that the pressure loss is sma.l when the trapped amount of fine vSS^SSZS 
filter f1 has a . plura ity of through holes 12. which have generaliy square cross-sections ana are Z£S wutoJl 
extending ,n the axial direction.. The, through, ho.es 12are.partitioned from each- other, by ■-££. SZZ 1 mS2£ 
surface of the cell wall 13 carries an oxide catalyst formed from a platinum group elementTucTL P for otlerme ta 
elements and there oxides. The opening of each through hole 12 on one of the end surfaces 9a 9b is seaTed bv J 
sealing body 14 (sintered porous silicon carbide body). Accordingly, the end surfaces 9a 9b have a chessboard a D 

fc^ZZTZ? 'J" 1 °- 3mm ' and Ce " PitCh " 9b0Ut 18mm - Am °"9 the P'- alit y o^ceL abo^' * 

r0038 av l „ ^ ^ ™" 8U * C " 9a ' and the ° therS are ° bened at tba downstream end surface 9b. 

[0038] The average porous diameter of the filter F1 is about 1 nm-50um, and more particularly Sum 2oi<m if ih» 
average pore diameter is less than 1^, the deposited fine partides te'nd to clog the M S „Ta^e pore 

mzT^^ll PartiCle ? W ° Uld ^ traPP6d and W ° U,d d6CreaSe lne tra PP in 9 effici ncy 9 ' 
owe? nan 30% tX£ F h P ° r ° S,ty , ra,a be 30% «° 70 ^ a " d mora Particularly, 40% to 60%. If the porosity rate is 
ate exceeds 7% fh! b ^ omes .to° and may hinder the circulation of exhaust gas therein If the porosity 
fT^dTe^ 

ofa'ceramSlyeMs: * * ** *"* " 3 ,0ta ' ° f 16 filterS F arS adhered t0 ona * 

[0042] The ceramic seal layer 15 will now be described in detail 

KmK'iw/mK^ 6 ' ^ he3t C ° ndUC,anCe ° f ,he seal layer 15 ba 0.1W/mK-10W/mK, and more particularly be 
« [0044] If the heat conductance is less than 0 .1 W/mK, the heat conductance of the seal layer 15 cannot be sufficient.* 

SJSSS ^XZ^JEZ 10W/mK ' properties such as adhesion and baat ~ m F a 1 1 ; 

50 £^ Sn J^Z U,red ,h3t ,hiCkn6SS ,1 ° f S6al ' ayer 1 5 be 0 3mm - 3 ^-- ^rther. it is preferred that the thickness 
[0046] if the thickness 11 exceeds 3mm. the seal layer 15 continues to be a large seal layer 15 even if the heat 
conductance ,s high and the heat conductance between the filters F1 is hindered. In addition the ratio ofle asseS 
M nfZ' n ^ "I. 5 F1 W0U ' d r6latiVe,y d6Crease and ,ower ,he fi'tration capacity. On the other hand f he 5522 

- dh no .re S F1 'to e S acn h o a ,h ^^iT Sea ' ,ay f r ' * ""^ ^ b6C ° me 3 ' ar9e resistance - H^r. SSSS 
[0047 The sea i av J 1 si f h T 3y 'j 0 " 16 ,0 ° '° W and CaUSe ,he assemb, V 9 l ° be vulnerable to breakage, 
qantc oarldes ?uS!r t f ° r f med H fr ° m at least an inor 9 anic fiber . a " inorganic binder, an organic binder, and inor- 
gan c particles. Further. ,t ,s preferred that the seal layer 15 be an elastic material formed by binding inorganic fibers 
and inorganic particles, which three-dimensionally intersect one another, with an inorganic binder and an organ? b^der 
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[0048] At least one type of ceramic fiber selected from silica-alumina fiber, mullite fiber, alumina fiber, and silica fiber 
are selected as the inorganic fiber included in the seal layer 15. Among these fibers, it is most preferred that silica- 
a umma ceramic fiber be selected. Silica-alumina ceramic fiber has superior elasticity and serves to absorb thermal 
stress. 

[0049] In this case, the content of the silica-alumina ceramic fiber in the seal layer 15 is 10wt%-70wt% preferably 
10wt%-40wt%. and more preferably 20wt%-30wt%. If the content is less than 10wt%, the thermal conductivity decreas- 
?LTn e,asticity decrease s- If the content exceeds 70%. the thermal conductivity and elasticity decrease 
[0050] The shot content of the silica-alumina ceramic fiber is 1wt%-10wt%, preferably 1wt%-5wt%, and more pref- 
erably 1wU-3wt%. If the shot content is less than 1wt%, manufacture is difficult, and if the shot content is 50wt% the 
outer surface of the filter F1 may be damaged. 

[0051] The fiber length of silica-alumina ceramic fiber is 1mm-10mm, preferably 1mm-50mm, and more preferably 

i/IL rw ' ' f lh8 fiber ' ength iS 1mm ° r l6SS ' there is a disa dvantage in that an elastic structure cannot be formed 
f the fiber length exceeds 100mm, there is a disadvantage in that the fiber may produce balls of fibers and decrease 
the dispersion of inorganic fine particles. Further, if the fiber length exceeds 100mm, it becomes difficult to make the 
seal layer thinner than 3mm and to improve the heat conductance between the filters F1. 

[0052]. It is preferred that the. inorganic binder included in the seal, layer 15.be a colloidal sol selected from at least 
one of silica sol and alumina sol. It is especially preferred that silica sol be selected. This is because silica sol is optimal 
for use as an adhesive agent under high temperatures since it is easily obtained easily sintered to SiO,. In addition 
silica sol has a superior insulative characteristic. 

[0053] In this case, the content of silica sol in the seal layer 15 as a solid is 1wt%-30wt%, preferably 1wt%-15wt% 
and more preferably 5wt%-9wt%. If the content is less than 1 wt%, the adhesive strength decreases. On the other hand 
if the content exceeds 30wt%, the thermal conductivity decreases. 

[0054] It is preferred that the organic binder included in the seal layer 1 5 be a hydrophilic organic high polymer and 
also be preferred that the organic binder be a polysaccharide selected- from.at least.one. of poly vinyl, alcohol, methyl 
eel ulose ethyl cellulose, and carboxymethyl cellulose. It is especially preferred that carboxymethyl cellulose be se- 
lected. This is because the seal layer 15 has optimal fluidity due to carboxymethyl cellulose and thus has superior 
adhesion under normal temperatures. 

[0055].. In this case, tine.content.of carboxymethyl.cellulose.as a.solid.is:0..1wt%,5.0w1%,.preferably 0 2wt%-1 0wt% 
and more preferably 0.4wt%-0.6wt%. If the content is less than 0.1wt%, sufficient inhibition of migration becomes 
difficult. Migration refers to a phenomenon in which the binder in the seal layer 15 moves as the solvent is removed 
as it dries when the seal layer 15 charged between the sealed bodies hardens. If the content exceeds 5 Owt% high 
temperature burns and eliminates the organic binder and decreases the strength of the seal layer 15 
[0056] It .s preferred that the inorganic particles included in the seal layer 15 be an inorganic powder or an elastic 
material employing a whisker that is selected from at least one of silicon carbide, silicon nitride, and boron nitride Such 
carbide and n.tndes have an extremely high thermal conductivity and, when included in the surface of a ceramic fiber 
or in the surface of inside a colloidal sol, contributes to increasing the thermal conductivity 

[0057] Among the above carbide and nitrides, it is especially preferred that the silicon carbide powder be selected 
This is because the thermal conductivity of silicon carbide is extremely high and easily adapts to ceramic fiber In 
addit.on. in the first embodiment, the filter F1, which is the sealed body, is made of sintered porous silicon carbide 
Thus, it is preferred that the same type of silicon carbide powder be selected. 

£° 5 t ] * ' n ,hiS ° aSe ' K iS preferred that the cont ent of the silicon carbide powder as a solid be 3wt%-80wt%, preferably 
1 0wt /„-60wt%, and more particularly, 20wt%-40wt%. If the content is 3wt% or less, the thermal conductivity of the seal 
layer 15 decreases and results in the seal layer 15 having a large heat resistance. If the content exceeds 80wt% the 
adhesion strength decreases when the temperature is high. 

[0059] The grain diameter is 0.01um-100pm, preferably 0.1um-15pm, and more preferably 0.1um-10u.m. If the grain 
diameter exceeds 100um, the adhesion and thermal conductivity decrease. If the grain diameter is less than 0 01um 
the cost of the seal material 15 increases. ' 
[0060] The procedure for manufacturing the ceramic filter assembly 9 will now be discussed 
[0061] First, a ceramic raw material slurry used during an extrusion process, a sealing paste used during an end 
surface sealing process, and a seal layer formation paste used during a filter adhesion process are prepared 
[0062] The ceramic raw material slurry is prepared by combining and kneading predetermined amounts of an organic 
binder and water with silicon carbide particles. The sealing paste is prepared by combining and kneading an organic 
binder, a lubncative agent, a plastic agent, and water with silicon carbide powder. The seal layer formation paste is 
prepared by combining and kneading predetermined amounts of an inorganic fiber, an inorganic binder, an organic 
binder, and inorganic particles, and water. 

[0063] Next, the ceramic raw material slurry is put into an extruder and continuously extruded from a mold. Afterward 
the extruded honeycomb molded product is cut into equivalent lengths to obtain elongated square honeycomb molded 
product pieces. Further, a predetermined amount of sealing paste is charged into one of the openings of each cell in 
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the cut pieces such that both end surfaces of each cut piece is sealed 

™1, J^inl ""T S K nterinQ is performed *>y se,,i "9 predetermined conditions, such as the temperature and time to 
completely sinter the honeycomb molded pieces and the sealing bodies 14. All of the sintered porous silicon carbide 
filters F1 obtained in this manner are still square pole-shaped 

dStPrim"^ 09 te T ratUre is set to 2 ' 100 ° C 10 2 - 30 °°C in the present embodiment to obtain the average pore 
%?EZZ 2TV ^ 3 P ° r0Sity ° f 35% 10 5 ° % - Further ' ,he Sinterin 9 time is se * t0 °- 1 hour, to 5 hours FurtheT 
pressure *" atm ° Sphere durin 9 sinterin 9- and ■» P~ » that atmosphere is the norma. 

[0066] Then, after forming a ceramic bedding layer to the outer surface of the filters F1 as required the seal laver 

[rgrated' 3 " there, °- ^ ° f SiX,6en ° f SUCh fi ' ters F1 are adhered ^ SXrlnd thus 

ere 7 orol n e^n!I 0 h W ^ 9 a OUter f ° rm CUttin9 Pr ° CeS8 ' ^ aSSemb ' y 9 ' Which haS been ob,ained throu 9 h « h * «•» adher- 
ence process and has a square cross-sect.on, is ground to form the outer shape of the assembly 9 by eliminate 

ZTslrtZTsZT™ PeriPhera ' POrti ° n ° f 9SSembly 9 f ° rm the C6ramiC «'« a -semb,y "which 

\l°rll ! 2 6 PartiCle ,rapping performed b * the ceramic filter assembly 9 will now be described briefly. 
Sid l^TrT k 6 ' aSSem ^ 9 accommodated in the casing 9a is supplied with exhaust gas. The exhaust gas 
supphed via the first exhaust p.pe 6 first enters the cells that are opened at the upstream end surface 9a. The exhaust 

end sZll^V T Ce " Wa " 13 and en,efS the adj3Cent CeMs ' or the cells that are * »he downstream 

end surface 9b. From the openings of these cells, the exhaust gas flows out of the downstream end surfaces 9b of the 

T/l T Pa ?' CleS inC ' Uded in ,he 6XhauSt gas do not pass throu 9 h the cell walls 13 and are trapped 

by the cell walls 13. As a result, the purified gas is discharged from the downstream end surface 9b of the filters F1 
The purified exhaust gas then passes through the second exhaust pipe 7 to be ultimately discharged into the atmos- 
phere. The trapped fine part.cles are ignited and burned by the catalytic effect that occurs when the internal temperature 
of the. assembly. 9. reaches a predetermined.temperature. 

(Example 1-1) 
[0070] 

(1) 51 .5wt% of a silicon carbide powder having an average grain diameter of 1 0pm and 22wt% of a silicon carbide 
powder havmg an average grain diameter of 0.5pm were wet-mixed. Then, 6.5wt% of the organic binder (methyl 
cellulose) and 20wt% of water were added to the obtained mixture and kneaded. Next, a small amount of the 
plastic agent and the lubricative agent were added to the kneaded mixture, further kneaded, and extruded to obtain 
the honeycomb molded product. More specifically, the a silicon carbide powder having an average particle diameter 
of abou 10pm was produced by Yakushima Denkou Kabushiki Kaisha under the product name of C-1000F and 
the a silicon carbide powder having an average particle diameter of about 0.5pm was produced by Yakushima 
Denkou Kabushiki Kaisha under the product name of GC-15. 

(2) J > h H1' !u 6r dryin9 the m °' ded pr0dUCt Wi,h 3 mic r°wave dryer, the through holes 12 of the molded product was 
sealed by the sealing paste made of sintered porous silicon carbide. Afterward, the sealing pasle was dried again 
with the dryer. After the end surface sealing process, the dried body was degreased at 400°C and then sintered 
for about three hours at 2,200'C in an argon atmosphere at the normal pressure. This obtained the porous hon- 
eycomb, silicon carbide filters F1 . 

in/ 3 ^? ? 3 ceram j c u fiber < alumina sil| cate ceramic fiber, shot content 3%, fiber length 0.1 mm-1 00mm), 
f c o ,° L u 9 3n aVSrage 9rain dia ™ter of 0.3pm, 7wt% of silica sol (the converted amount 

of S.0 2 of the sol being 30%) serving as the inorganic binder, 0.5wt% of carboxymethyl cellulose serving as the 
organic binder, and 39wt% of water were mixed and kneaded. The kneaded material was adjusted to an appropriate 
viscosity to prepare the paste used to form the seal layer 15. 

(4> I he u' i he S6al ' ayer f0rm ' ng paSte was uniform| v a PP»ed to the outer surface of the filters F1 . Further in a state 

ITT* °T '^f i ° f the fi ' ,erS F1 W6re adhered t0 one ano,her - ,ne fllters F1 were d "'ad and hardened 
under the cond, ion of 50°C to 100°C x 1 hour. As a result, the seal layer 1 5 adhered the filters F1 to one another. 
The th.ckness t1 of the seal layer 15 was set at 0.5mm. The heat conductivity of the seal layer 15 was 0.3W/mK. 

(5) Next, the peripheral portion was cut to shape the peripheral portion and complete the ceramic filter assembly 
9, which has a round cross-section. 
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SI, I .h k! ^ Insu,a,ive material 10 is wound about the assembly 9 obtained in the above manner In this 

?mL% i;, a8 .T y ,S a K f ° Q mm ° dated in the casin 9 8 and actually supplied with exhaust gas. After a predetermined 
naked eye " * " * " P ' Urality ° f '° Cati0nS - The CUt SUrfaces were obse ™ d wi,h ^ 

!e S °IIL,| C T eqUen !l y ' T SidUa ' S ° f fine PartiC ' eS Were " 0t COnfirmed at the P eri P heral P° rti °" of the assembly 9 
to n er ' P ^ P ° rt,0n thS downstream end surfa ^> "here there is a tendency for unburned particles 
SLSnlTh ,k 3 5 T 6 ° f C ° UrSe com P' e,e| y burned at o«her portions. It is considered that such results are 

delltS -T ? 8 USa9e 6 S6al l9yer 15 Pr6Ven,S ,he conductan oe of heal between the filters F1 from being 
JmntoTi T temperature sufficiently increases at the peripheral portion of the assembly 9. Accordingly in ex- 
ample 1 -1 , it is apparent that exhaust gas was efficiently processed. Sy ' 

(Examples 1-2, 1-3) 

SIS -ru e T Ple 1 ", 2 '. the Cerami ° fi ' ,er aSS6mbly 9 was prepared b * se,tin 9 the thickness t1 of the seal layer 15 at 
l^I^SZZ!^ S S L Ca,,y SS ! in aCCOrdance with a * a "P' a 1-1 'n example 3. the ceramic filter as- 

I0 k° 741 7 hen ' ,hS obtained ^ types of assemblies 9 were used for a certain period, and the cut surfaces were 
observed w.th the naked eye. The same desirable results as example 1-1 were obtained. Thus, it is apparent thaT'he 
exhaust gas was efficiently processed in examples 1-2 and 1-3. 

(Example 1-4) 

[0075] In example 1-4, the employed seal layer forming paste was prepared by mixing and kneading 25wt% of a 
an re'r^: 1" T *? ^ T"* ^ ^ ^ ^^m). 30w,% of silicon nitride pLde^having 
« nn 9 °™ k- I™^ ,im ' 7W,% ° f alUmina S °' (the conversi ° n amount of alumina sol being 20%) serving 
ISnn 9an 'r C °- 5Wt% ° f P0 ' y Viny ' a,C ° h01 S6rving 35 an 0raanic binder - and 37 5 wt% of alcohol. The other 

he seal layer 15 was set at 1.0mm. The thermal conductivity of the seal layer 15 was 0 2W/mK CKnessv " or 

EL™™ 0bta J ned !? Semb,y 9 W3S US6d f ° r 3 C8rtain period ' and ,he out surfaces were observed with the 

S^p^^tSSS 4 esu,,s as examp,e 1 were obtained - Thus - il is apparent ,hat the exha -' gas - 

(Example 1-5) 

SS Jk e / a , mple 1 J* the u emp,0yed seal la y er formin 9 Peste was prepared by mixing and kneading 23wt% of a 

( T a f 6 " f 01 C ° ntent r3te 4Wt% ' fib8r ' eng,h 01 mm " 1 00mm >' 35wt% of °o™ nitride powder having 

an ZZl h h 0^1 , ™ % ° f Ma S °' (the COnVersion amount ° f a,umina »l being 20%) serving as 

: ' °h % ° f .! thyl Ce " Ul0Se S6rVing 35 3n ° r9aniC binder ' and 35 5wt% ° f ketone. The other portL 

M ^ Z? a 1 n ^ TK 06 ,: ' e> ! amPle 1 l ° C ° mple,e the CeramiC fil,er assemb, y 9 - Tha thickness t1 of the sea. layer 
1 5 was set at 1 .0mm. The thermal conductivity of the seal layer 1 5 was 2W/mK 

So Ttk ° bt !, ined a ? semb| y 9 was used for a certain period, and the cut surfaces were observed with the 

r ,ts as examp,e 1 were ob,ained - Thus ' ii is appar - - the - - 

[0079] The ceramic filter assembly 9 of the first embodiment has the following advantages: 

, ( hirl e , aCh H^r ,h f h ,hickn , ess "1 ° f the seal layer 15 is set in the preferable range of 0.3mm-3mm. and the 
therma conductivity of the seal layer 15 is set in the preferable range of 0.1W/mK-10W/mK. This improves the 
thermal conduct,** of the sea. layer and prevents the therma, conductivity between the filters F f om be ^ 

!!1T rf if 00 «" ' J Mt ' S Unif ° rmly and qUiCkly COnducled ,0 the e "tire assembly 9. This prevents a tern 
perature d 'fference from be.ng produced in the assembly 9. Accordingly, the thermal uniformity of the assembly 9 

SmI '"h ° C T e Q nCe ° f ,0Ca " y Unt>Umed Par,iC ' eS iS aVOided - The exha "st gas purification apparatus 
1, which uses the assembly 9. has superior exhaust gas processing efficiency 

a nhf Urther ' if lhe ™ ck " ess 11 and ^e thermal conductivity is within the above range, basic properties, such as 
b^r^H 8 * 5 Tp H reSiS,anCe remain ,he S3me - This aV0ids ,he manufacturing of the seal laye 15 from 
17 h ^' si nee the seal layer 15 serves to adhere the filters F1 to one another, breakage of the 

assembly 9 ,s avoided. In other words, the assembly 9 is relatively easy to manufacture and has superior durability 
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aver 15 to hS k , ^ C ° n,a ' nS 88 8 S °' id 1 °wt%-70wto/o of ceramic fibers. This enables the seal 
layer 15 to have high thermal conductivity and elasticity. Thus, the thermal conductivity between filters F n, im 
proved, and the thermal conductivity of the assembly 9 is further increased. * ' m " 

S^nS^n^ ZlT* °T' mS Ceramicfibers ' ,he of which are 100mm or shorter. Accord- 

K hUMS'.K y " ? " ! 8Ch °* a,, "" e C ° nlai '' s as a 8oM 3wl%-80wt% of inorganic particles Thus We seal la»e, 

|00»1] The flrsl embodiment of Ihe present Invention may ha mortified as descnbed beldw. 
(Example 2-1) 

^^^^ 
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in accordance with example 1-1. 

[0086] An assembly 29 obtained in the above manner was actually supplied with exhaust gas. After a predetermined 
time, the assembly 29 was removed and observed with the naked eye. 

[0087] The result revealed that there were no cracks originating from the corners in the seal layer 1 5 Further there 
was no chipping of the corners. Accordingly, it has become apparent that the assembly 29 of the example 2-1 is 
extremely superior in strength. 

(Examples 2-2, 2-3) 

5° 0 ° 8 . o_J n example 2| tne ceramic fi,,er assembly 9 was manufactured by setting the curvature of the round surfaces 
18 at R-0.4 and forming the other portions basically in the same manner as in example 2-1 . In example 2-3 the ceramic 
filter assembly 29 was manufactured by setting the curvature of the round surfaces 18 at R=2.4 and forming the other 
portions basically in the same manner as in example 2-1. 

[0089] Then, the obtained two types of the assembly 29 were used for a certain time period in the same manner as 
example.2-1 and.observed..with.thenaked.eye..Apreferable.result.similarto.that.of.example 2r1 was obtained In other 
words, it has become apparent that the assemblies 29 of the examples 2-2, 2-3 are superior in strength. 

(Example 2-4) 

[0090] In example 2-4, the ceramic filter assembly 29 was manufactured by using a seal layer forming paste in the 
same manner as in example 1-4 and forming the other portions in the same manner as in example 2-1 . The thickness 
° ' sea J la y er was set at 1 0mm . and the curvature of the round surface 18 of each corner was set at R=1 5 
[0091] Then; the obtained-assembly 29 was- used for a certain time period in- the same manner as example^and- 
observed with the naked eye. A preferable result similar to that of example 2-1 was obtained. In other words it has 
become apparent that the assembly 29 of example 2-4 is superior in strength. 

(Example.2.-5) -,• 

[0092] In example 2-5, the ceramic filter assembly 29 was manufactured by using a seal layer forming paste in the 
same manner as in example 1-5 and forming the other portions in the same manner as in example 2-1 . The thickness 
^, Se ^ W9S S6t 31 1 ° mm ' and the curvature ° f <he round surface 18 of each corner was set at R=1 5 
[0093] Then, the obtained assembly 29 was used for a certain time period in the same manner as example 2-1 and 
observed with the naked eye. A preferable result similar to that of example 2-1 was obtained.. 

(Comparative Example) 

[00941. lathe comparative.example,.the ceramic filter assembly. 9 was manufactured without chamfering the corners 
and forming the other portions in the same manner as in example 2-1 . Thus, the honeycomb filters FT of the assembly 
29 have angulated corners. 7 
[0095] Then, the obtained assembly 29 was used for a certain time period in the same manner as example 2-1 and 
observed with the naked eye. Cracks and chipping caused by stress concentration were discovered at multiple loca- 
tions. Accordingly, the assembly 29 was inferior in strength. 

[0096] The ceramic filter assembly of the second embodiment has the advantages discussed below. 

(1) The corners on the outer surface of the honeycomb filter F1 are round surfaces 18 having a curvature in an 

hnn^vf "k™ !?? f. V ° idS f 688 concen,ration at the c °™rs. Accordingly, the chipping of the corners of the 
honeycomb filter F1 , the cracking of the seal layer 15 from the corners is prevented, and the ceramic filter assembly 
29 resists breakage. This increases the strength of the assembly 29 and improves the strength and filtering capa- 
bility of the exhaust gas purification apparatus 1 , which employs the assembly 29. 

(2) The assembly 29 employs the honeycomb filter 1 , which is made of honeycomb sintered porous silicon carbide 
As a result the obtained assembly 29 has a higher filtering capability, less pressure loss, and superior heat resist- 
ance and heat conductance characteristics. 

[0097] The second embodiment may be modified as described below. 

[0098] With reference to Fig. 9, the present invention may be embodied in a ceramic filter assembly 22 1 by offsetting 
tne filters F1 from one another in a direction perpendicular to the filter axial direction 

[0099] Instead of forming the round surfaces 18 by chamfering the corners, the round surfaces may be formed si- 
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multaneously when molding the honeycomb molded product with a mold 

[0100] The honeycomb filter F1 is not required to be shaped into a rectangular pole, which has a square cross 
section, pnor to the outer form cutting process. For example, as shown in Fig. 10 a honeycomb fiJe^C be 

m Thown in a F ;r T "? T ^ * ^"er. a honeycomb filter F30 may be Lng'u.ar 

as shown in Fig. 1 1 , and a honeycomb filter F40 may be hexagonal as shown in Fig 1 2 

thTprisenUnven«io a n SChematiC CrOSS ■ SeCtiona, view showin 9 a ce ' ami ° ™" 39 according to a third embodiment of 

39c°to wh^nT^ Fi9 ' 1 3 Fi9 ; 1 4(b) ' ,he CeramiC fH,er aSSemb,y 39 of ,he third •mbodlmem has an outer surface 
39c to wh ch a ceramic smoothing layer 16 is applied. The smoothing layer 16 is made of a ceramic material that 
includes at least ceramic fibers and a binder. I, is preferred that the ceramic material includes inorganic parties such 

solTan Z^Zv T b ° r0n nitnde - K " Prefefred that an inor9anic binder " such as'si.icaso^o a umina 

^Z^lTf'^ 35 3 P 0| y saccharide ' be used « the binder, tt is preferred that the ceramic materia, be 
h^fh?Ion d h 9 three - d ' mens ' ona,| y meeting ceramic fibers and inorganic particles with a binder. It is preferred 
ha he smoothmg ayer 16 be formed from the same type of material as the seal layer 15, and especially preferred 
that the smoothmg layer 1 6 be made of exactly the same material as the seal layer 15 preterred 

ESLUi?? o h3t tWckriess °< ^ the soothing. Iayer16. be 0.1mm to^10mm, further preferred that- the 
th ckness be 0.3mm to 2mm. and optimal that the thickness be 0.5mm to 1mm. If the smoothing layer 16 is too thin 
pits 17 that are formed in the outer surface 9c of the ceramic filter assembly 9 cannot be completely f.lled. Thus, gaps 

ZIZZ'Z h?k°h S - ° n ° ther hand ' the Sm °° thin9 ,ayer 16 is ,hickened > ,he Nation of the layer 

may become difficult, and the diameter of the entire assembly 9 may be enlarged 

[0104] It is preferred that the seal layer 15 be formed thinner than the smoothing layer 16, and more particularly be 

IoTk 7h ra , n9e ? ; l ° 3mm - Wh6n the Seal layer 15 is tninner than the soothing layer, the filtering capacity 
and the thermal conductance are prevented from being decreased beforehand. 

I he 4 procedure for manufacturing the ceramic filter assembly 39 will how be described with reference to Fig 14 

[0106] F.rst, a ceramic raw material slurry used during an extrusion process, a sealing paste used during an end 

surface seal.ng process, a seal layer formation paste used during a filter adhesion process, and a smoothing layer 

formation paste are prepared. When using the seal layer formation paste to form the smoothing layer, the smoothing 

layer,formation.paste,doe&.not.have.to,be. prepared., 9 

[0107] The ceramic raw material slurry is prepared by combining and kneading predetermined amounts of an organic 

binder and water with silicon carbide particles. The sealing paste is prepared by combining and kneading an inorganic 

binder a lubncat.ve agent, a plastic agent, and water with silicon carbide powder. The seal layer formation paste 

(smoothmg layer formation paste) is prepared by combining and kneading predetermined amounts of an inorganic 

noer, an inorganic binder, an organic binder, inorganic particles, and water. 

[0108] Next, the ceramic raw material slurry is put into an extruder and continuously extruded from a mold. Afterward 
the extruded honeycomb molded product is cut into equivalent lengths to obtain elongated square honeycomb molded 
product pieces. Further, a predetermined amount of the sealing paste is charged into one of the openings of each cell 
in the cut pieces to seal both end surfaces of each cut piece. 

[0109] Then, main sintering is performed by setting predetermined conditions, such as the temperature and time to 
completely smter the honeycomb molded pieces and the sealing bodies 14. All of the sintered porous silicon carbide 
filters F1 obtained in this manner are still square pole-shaped. 

[0110] The sintering temperature is set to 2,100= C to 2,300° C in the present embodiment to obtain the average 
pore diameter of 6um to 1 5 urn and a porosity of 35% to 50%. Further, the sintering time is set to 0. 1 hours to 5 hours 
Further, the interior of a furnace has an inert atmosphere during sintering, and the pressure in that atmosphere is the 
normal pressure. 

[0111] Then, after forming a ceramic bedding layer to the outer surface of the filters F1 as required, the seal layer 
formation paste is applied thereto. The outer surfaces of sixteen of such filters F1 are adhered to each other and thus 
2?™ 7" I ,h : s P oint ' the ceramic filter assembly 39A as a whole has a square cross-section, as shown in Fig. 14(a) 
[0112] In the following outer form cutting process, the assembly 39A, which has been obtained through the filter 
adherence process and has a square cross-section, is ground to form the outer shape of the assembly 9 by eliminating 
so unnecessary sections from the peripheral portion of the assembly 39A. 

PV 31 .. reSUlt ' ° eramiC fi " er assemblv 39 havin 9 around cross-section is obtained,-as shown in Fig. 14(b) 
Cell walls 13 are partially exposed from the surface formed during the outer form cutting. Thus, pits 17 are formed in 
the outer surface 39c. The pits 17 are about 0.5mm to 1mm and are defined by ridges and valleys extending in the 
axial direction of the assembly 39 (i.e., the longitudinal direction of the filters F1) 
« [0114] m the following smoothing layer forming process, the seal layer formation paste is used as the smoothing 
ayer formation paste and uniformly applied to the outer surface 9c of the assembly 39. This completes the ceramic 
filter assembly 39 shown in Fig. 14(c). 
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(Example 3-1) 
[0115] 

(1) 51 .5wt% of a silicon carbide powder and 22wt% of (J silicon carbide powder were wet-mixed. Then, 6.5wt% of 
the organic binder (methyl cellulose) and 20wt% of water were added to the obtained mixture and kneaded. Next, 
a small amount of the plastic agent and the lubricative agent were added to the kneaded mixture, further kneaded, 
and extruded to obtain the honeycomb molded product. 

(2) Then, after drying the molded product with a microwave dryer, the through holes 1 2 of the molded product were 
sealed by the sealing paste made of sintered porous silicon carbide. Afterward, the sealing paste was dried again 
with the dryer. After the end surface sealing process, the dried body was degreased at 400°C and then sintered 
for about three hours at 2,200°C in an argon atmosphere at normal pressure. This obtained the porous honeycomb 
silicon carbide filters F1. 

(3) 23.3wt% of a ceramic fiber (alumina silicate ceramic fiber, shot content 3%, fiber length OVTmrn- 100mm), 
30.2wt% of silicon carbide having an average grain diameter of 0.3^m, 7wt% of silica sol (the converted amount 
of Si0 2 of the sol being 30%) serving as the inorganic binder, 0.5wt% of carboxymethyl cellulose serving as the 
organic binder, and 39wt% of water were mixed and kneaded. The kneaded material was adjusted to an appropriate 
viscosity to prepare the paste used to form the seal layer 15 and the smoothing layer 16. 

(4) Then, the seal layer forming paste was uniformly applied to the outer surface of the filters F1 . Further, in a state 
in which the outer surfaces of the filters F1 were adhered to one another, the filters F1 were dried and hardened 
under the condition of 50*C to 100°C x 1 hour. As a result, the seal layer 15 adhered the filters F1 to one another. 
The thickness t1 of the seal layer 15 was set at 1.0mm. 

(5) Next, the peripheral portion was cut to shape the peripheral portion and complete the ceramic filter assembly 
39, which has a round cross-section. Then, the seal and smoothing paste was uniformly applied to* the expose- 
outer surface 39c. The smoothing layer 16 having a thickness of 0.6mm was dried and hardened underthe condition 
of 50 □ C to 100°C x 1 hour to complete the assembly 39. 

[0116] The assembly 39 obtained in the above manner was observed with the naked eye. The pits 17 in the outer 
surface 39c were substantially completely filled by the smoothing layer 16, and the outer surface 39c was smooth. 
Further, there were no cracks in the boundary portions of the smoothing layer 16 and the seal layer 15. Accordingly, 
this indicates that the levels of adhesion and seal were high at the boundary portions. 

[0117] No gaps were formed in the outer surface 9c of the assembly 39 when accommodating the assembly 39 
encompassed-by. the thermal insulative material in the casing 8. Further, when actually supplying exhaust gas, there 
was no leakage of the exhaust gas through the gaps in the outer surface 39c from the downstream side, ft is thus 
apparent that exhaust gas is efficiently processed in the third embodiment. 

(Example 3-2) 

[0118] In example 3-2, the seal and smoothing paste was prepared by mixing and kneading 25wt% of a ceramic 
fiber (mullite fiber, shot content rate 5wt%, fiber length 0.1mm-100mm), 30wt% of silicon nitride powder having an 
average grain diameter of LOjim, 7wt% of alumina sol (the conversion amount of alumina sol being 20%) serving as 
an inorganic binder, 0.5wt% of poly vinyl alcohol serving as an organic binder, and 37.5wt% of alcohol. The other 
portions were formed in accordance with example 3-1 to complete the ceramic filter assembly 39. 
[0119] Then, observations were made by the naked eye in the same manner as example I.The pits 17 in the outer 
surface 39c were substantially completely filled by the smoothing layer 1 6. Further, there were no cracks in the boundary 
portions of the smoothing layer 16 and the seal layer 15. Accordingly, this indicates that the levels of adhesion and 
seal were high at the boundary portions. 

[01 20] No gaps were formed in the outer surface 39c of the assembly 39 during usage. In addition, leakage of exhaust 
gas through gaps in the outer surface 39c did not occur. It is thus apparent that exhaust gas was efficiently processed 
in example 3-2 in the same manner as example 3-1. 

(Example 3-3) 



[0121] In example 3-3, the seal and smoothing paste was prepared by mixing and kneading 23wt% of a ceramic 
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fiber (alumina fiber, shot content rate 4wt% fihor i«,„„ii, n * 

average grain An » of ^ SMoZ^ JT^, 1 3SWl% " niW * " >0wtler •>> 

inorganic binSer, O.SwW T„ IV? T T"""' < " a " ,m * 1a 501 be "' 9 20% > s "™"» »» »» 

in e-ampie 3?3 in same manna"= "xanXT effiClen " y f "° C8SSM 



(Comparative Example) 



through the gaps occurred Acco^ outer surface 3-9c during usage of the assembly, and gas leakage 

processing efficiency was'nferS com P ans °" *.th examples 3-1 to 3-3, it is apparent that the exhaust gas 

10126] Accordingly, the ceramic filter assembly 39 has the advantages described below. 

the ceramic filter assembly 39 has sup^relL7tZtJ P ™T- ^ ' eakage ° f 6XhaUSt 9as ' As a ™^ 
gas puhfication apparatus ^ ^I^^^^Zj^ * "» ^ 

ofalilrpSs:^ 

high temperature of severa hundred tZ^Z^'J^T' "™ " ^ aSS6mbly 39 * eXp0Sed ,0 3 
the desired adhesion strcngthTs tSSST 9 ^ 16 * ^ bUmed n ° r deformed ' Thus ' 

^^^^^ to This prevents the 

£n^^ ,han ^ ^ 16 " ™* P-vents the filtering capability and the thermal 

mat^MncS^^^^ f ° rf0rmin9 ,he Seal ^ « «* the smoothing layer 16. An e.astic 

bound to one ^^Z^^^^ -n, binder, and inorganic partc.es and 

is applied, the thermal .SJSXS.7„X he m e a, ™lZ l^T^ ^ ^ ^ ^ 

[ a oi2n y heTr" ,o , thee 

[0128] The th.rd embodiment of the present invention may be modified as described beSw 

(b) The smoothing layer 16 may be formed from a ceramic materia, that differs from that of the seal .ayer 15. 
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(c) The smoothing layer 16 may have the same thickness as the seal layer 15 or may have a greater thickness 
than the seal layer 15. 

(d) In addition to forming the smoothing layer 16 by employing an application technique, other methods such as 
a printing technique, a staining technique, a dip technique, and a curtain coat technique, may be employed. 

[0129] Fig. 16 is a schematic perspective view of a ceramic filter assembly 49 according to a fourth embodiment of 
[he present invention. The ceramic filter assembly 49 is formed by a plurality of rectangular pole-like honeycomb filters 

[0130] In each honeycomb filter F100, the flow direction of the exhaust gas (direction perpendicular to the filter end 
surface), which is the processed fluid, is defined as the filter length L (mm). Further, the area obtained when cutting 
each honeycomb filter F100 in a direction perpendicular to the flow direction (in other words, parallel to the filter end 
surface) is defined as the filter cross-sectional area S (mm*). 

101 VI JUT* ? Se ', the US Va ' Ue mUSt be a06mm/mm2 10 0.75mm/mm2. It is preferred that the L/S value be 0. 10mm/ 
mm ,0 0-60mm/mm2, and most preferred that the L/S value be 0.15mm/mm2 to 0.40mm/mm2 

W A en theL ^ S - value exceeds 0.75mm/mm2, a.temperature.difference is.produced.in the longitudinal direction 
of the filter. As a result, a high level of thermal stress is applied to the honeycomb filter F100 thereby permitting cracks 
to easily form. On the other hand, when the L/S value is 0.06mmW or less, a temperature difference is produced 

hon S ™hrr r pinn?K k° *" **" lon 9 i,udinal direction ' ™« also applies a high level of thermal stress to the 
honeycomb filter F100 thereby permitting cracks to easily form. 

f 013 .!. 1 ,. 'V, S n Specifically Purred that the filter length L be 120mm to 300mm, and especially preferred that the filter 
length be 140mm to 200mm. It is specifically preferred that the filter cross-sectional area S be 400mm2 to 2 500mm2 
and especially preferred that the cross-sectional area S be 600mm2 to 2,000mm2, and especially preferred that the 
cro S s-sertK,naFarea-& be 6O0mm2-to 2,©0(W: Wher^the^values of L and * are- outside-thJpreferred range L- 
temperature difference is produced in the honeycomb filter F1 00. As a result, a large level of thermal stress easily forms. 

(Example 4-1) 

[0134] Basically, the same assembly 49 as that of example 1-1 was manufactured. The height W of the filter F100 

Tssas'ia, r h was 33 t; and the ie , ngth l was 1 6?mm - Acc ° rdin 9>y, the «*« ^5^^^ a r ea s w as 

1,089mm' : , and the L/S value was 0.15mm/mm 2 (=167/1089). 

[0135] Then, the thermal insulative material 10 was wrapped around the assembly 49. In this state the assembly 
was retained in the casing 8 and actually supplied with exhaust gas. 

[0136] Referring to Fig. 18(A) and 18(B), thermocouples were embedded in each of locations P1 to P6 and temper- 
atures T1 to T6 were respectively measured for a certain period, respectively. Further, maximum temperature differ- 
ences A T( C) at each of the locations P1 to P6 were obtained. The white arrow in the drawing shows the direction of 

tne.exhaust.gas flow, The.temperatute measurementwas. conducted on. ttie.honeycomb. f.ltec.FI.OO.denoted with, refr 
erence character X in Fig. 16. 

l ° 137 l 3 P ? d f termined ,ime ' the assembly 49 was taken out and the honeycomb filters F100 were each ob- 

served with the naked eye. As a result, the maximum temperature difference AT(°C) of example 4-1 was about 5°C 
the value of which is extremely small. Further, cracks were not confirmed in any of the honeycomb filters F100. 

(Examples 4-2 to 4-6) 

[0138] In examples 4 to 6, the assembly 49 was manufactured in the same manner as example 4-1 However in 
example 4-2, the height W1 of each honeycomb filter F100 was set at 50mm, the width W2 was set at 50mm and the 
S.SOO 3 -) O^emmw" 1 ' ACC ° rding,y ' ,he f " ,er cros s-sectional area S was 2,500mm2, and the L/S value was 
[01 1 39] In example 4-3, the height W1 was set at 20mm, the width W2 was set at 20mm, and the length L was set at 
fniZ"' AcCOrd,ngly ' the ™ er cross-sectional area S was 4,000mm2, and the L/S value was (300/400=) 0.75mm/mm2 

RI2L ^ 6X H mP 6 t 4, ^ he ' 9ht W1 W3S SSt at 33mm ' the width W2 was set al 33mm ' and th e 'ength L was set at 
Accordmgly - the filter cr oss-sectional area S was 1 ,089mm2, and the L/S value was (230/1089) 0 21 mm/mm* 

i" e T P '. 8 t? h6i9ht W1 W3S S6t 31 25m ' ,he Widtn W2 was set at 25m ' and the len 9 ,h was set at 
300mm. Accordingly, the filter cross-sectional area S was 625mm2, and the L/S value was (300/625=) 0.48mmW 

E I" 6Xamp 6 t 6 !5 e hei9ht W1 WaS Set at 22m ' ,he width W2 was se » at 22m, and (he length L was set a. 
mW' ^ CCOrd,n9,y ' the fil,er "ess-sectional area S was 484mm2. and the L/S value was (300/484=) 0.62mm/mm2 
. it? ,, eXperirnen , t was condu cted on the five types of assemblies 59 in the same manner as in example 4-1 . As 
a result, the maximum temperature difference ATfC) was about 0°C to 1 0°C, the values of which are extremely small 
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Further, no cracks were confirmed in any of the honeycomb filters F100. 
(Comparative Example 1) 

i°vlr 4 L ?J2J ww 6 ^ k P ' e 1 ' the assemblv 49 was manufactured in the same manner as in example 4-1 . How- 
ever, the height W1 of each honeycomb filter F100 was set at 20mm, the width W2 was set at 20mm an n «L \2 «, 

' ZmW °° mm - ACC ° rdin9,y ' ^ fi " er - «- B -s 1 .OoS^dthel/S ST^SSR 
[0145] An experiment was conducted on the assembly 49 in the same manner as in example 4-1 As a result the 
maximum temperature difference AT(°C) was about 30°C and greater than each embodiment The length Un com 
ZZZZT^XZr ThUS ' ^ 3 t6ndenCy 3 ~ b ein 9 9 prodrdTn 

damSed FUrther ' CfaCkS ^ ° f lhe hone y comb filters F1 °°- and the honeycomb filters F1 00 were 

(Comparative Example 2) 

[0147] In comparative example 2, the assembly 49 was manufactured in the same manner as in example 4-1 How 
ever the height W1 was set at 70mm, the width W2 was set at 70mm. and the length L wa Zx at 167mm A^r^nX 
he filter cross-sectional area S was 4,900mm*, and the US value was (167/4,900=) 0.03mmW Accordin9,y < 
£148] An expenment was conducted on the assembly 49 in the same manner as in example 4-1 As a result the 
maximum temperature difference AT(-C) was about 20°C and greater than each embodiment The filter cross sec onal 
area S in comparat.ve example 2 was especia.ly large. Thus, there-was a tendency in a temperatur ^^d Werencl beino- 
produced ,n a direction perpendicular to the longitudinal direction of the filter. Further, cracxTw^nS" some 
of the honeycomb filters F100, and the honeycomb filters F100 were damaged confirmed ,n some 

SSIso! m e Bv d s Va l a9e ,h ° f ?° fi ' ter aSS6mb,y 49 ° f ,he f0Urth em bodiment will be discussed below. 

2™ ^ ( > ^! 9 , ,he rat '° US between the f,,ter ^ en 9th.L and. the.filtec.cross.sectionaLarea in tha preferable 

range, the production of a large thermal stress is prevented without producing a large temperatu^dSere^n eacS" 

^b^i b ^.r, 1 ?'- Th H s preve r - acks from being produced in the honeyc ° mb isr^ssss: 

eycomb niters F100 resist being damaged. Due to the increase in the strength of each honeycomb filter F100 th* 
ceramic filter assembly 49 is manufactured with superior strength. Further, the employment of ^^.1^9 in 

OlsT tLTT ° f h ,h f, eXhaUSt 985 PUrifiCa,i ° n 3Ppara,US 1 and enable * «»0. oi a tong period ' 
[0151] The fourth embodiment may be modified as described below. 

(a) As long as the condition of the L/S value being in the range of 0.06mmW to 0.75mm/mm2 is satisfied the 

i«l 52J k F J 9 ' 19 pers P ective view show ing a honeycomb filter 59 having a honeycomb structure accordina to e 
«h embod.men, of the present invention. Fig. 20 is a cross-sectiona, view taken a.ong'ine 20 S >of he fi «e 2 o* Fig 

roi £?' , - If ° n VI6W Sh ° W,n9 3 main P0rti0n of an exhaust 9 as P^ification apparatus 

213 'Preferred that the cell density of the honeycomb filter 59 be 120/inch* (18/cm2) or greater and more 
? b f ,n the ran9e of 120 to 1 80/inch 2 . When the cell density is less than 120, the JZE2£Zl£ZZ 
?n, L, u decreases - Thls lowers the Purification capability of the honeycomb filter 9 

of O X ,o r!? R r er u d K tha iu he ,hiCkneSS ° f ,he CeH wa " 13 be °- 46mm or less - and ™>«» specifically be in the range 
of 0 20 to 0.46mm. When the thickness of the cell wall 13 exceeds 0.46mm, the opening area of the cell decreases 
and the area of contact with the exhaust gas decreases. This lowers the purification capability of the honeycomb 
f -ter 9^s e en,rrge C d 1 * " ^ ^ 0Mmm ^ maintai ™ 9 Ce " ™- enSoTy^mb 

[01 55] It is preferred that the average pore diameter of the honeycomb filter 9 be Sum to 15um and further creferred 

^J^TF™ diam !V er ^ ^ l ° 12 ^- ,f the aVera9e bore diameter is than S^m,' the £ of oarS 
u a es clogs the honeycomb filter 9. This increases pressure loss. Thus, the driving performance of the vehicle f^ lis 
fuel efficiency decreases, and the driving feel becomes unsatisfactory. On the other Sand mtoZwMtoMter 

usstssl particles cannot be trapped - This decreases ,he trapping efficienc > and ^as^uzz 
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I III . Ifo P J e the P ° r0Sity ° f ,he hone y comb ™ er 9 ^ 30% to 50%, and further preferred that the porosity 

be 35 /. to 49%. If the porosity is less than 30%, the honeycomb filter 9 becomes too dense. This hinders the interior 
flow of exhaust gas. If the porosity exceeds 50%, the number of pores in the honeycomb filter 9 becomes excessive 
This may decrease the strength and lower the trapping efficiency of fine particles. 

[01 57] Among the pores of the honeycomb filter 9, it is preferred that 20% or more be through pores. More specifically 
rt is preferred that 20% to 80% be through pores, and especially preferred that 20% to 50% be through bores. A through 

,K° re on5 rS l °u a 9aP that 6XtendS thr ° U9h 3 Ce " waN 13 and connects ad i acent holes 12. If the through pores are less 
than 20 /„ of the pores, the pressure loss becomes large. Thus, the driving performance of the vehicle falls, fuel efficiency 
decreases, and the driving feel becomes unsatisfactory. On the other hand, if the through pores exceed 80% of the 
pores, manufacture may become difficult and cause stable material supply to be difficult 

[01 58] It is preferred that total volume of the honeycomb filter 9 be 1/4 to 2 times the total displacement of the engine 
It is further preferred that the total volume be 1/2 to 1.5 times the total displacement. If the value is less than 1/4 the 
deposit of particulates clogs the honeycomb filter 9. If the value exceeds 2 times, the honeycomb filter 9 is enlarged 
When the honeycomb filter 9 is enlarged, there is a tendency of the temperature differing between portions of the filter 
9 during combustion. This increases the thermal stress applied to the honeycomb filter 9 and increases the possibility 
of the formation of cracks. y 

[0159]- The honeycomb-filter 9 is' made of sintered porous silicon-carbide-, which is a type of wintered carbide-The. 
imputes included in the sintered porous silicon carbide is 5wt% or less. It is preferred that the amount of impurities 
be IwU or less and it is especially preferred that the amount of impurities be 0.1 wt% or less. If the impurities exceed 
5wt /,, 'mpurit.es concentrate at the grain boundary of the silicon carbide crystal grains and significantly decreases the 
strength at the grain boundary (strength bonding crystal grains). This makes the grain boundary vulnerable to breakage 
Impurities include Al. Fe, O and free C. Like the honeycomb filter 9, the honeycomb filter 9 is made of sintered porous 
silicon carbide. r 



(Example 5-1) 

[0160] Basically, in the same manner as the example 4-1, the through holes 12 of the molded product were dried 
with a microwave dryer and then sealed with a sealing paste made of sintered porous silicon carbide. Afterward the 
?, n Inn*r US !;t a9a ^^ 

a 6red f ° r 3bOUt ,hr6e h ° UrS af 2 ' 250 ° C in an ar 9° n atmosphere under normal pressure 

[0161] As a result, the produced sintered porous silicon carbide honeycomb filter 59 had a pore diameter of 10um 

^m?,'? ? ' ,« l ^ 0U9h P ° re SXiStenCe rate ° f 25% relative ,0 lhe P° res - a ce " density of ISO/inch*, and a cell 
To Inn a" 6 -! 3 °, ??T 6 hone y comb fi,,er 59 had a dia ™ter of 1 00mm, a length of 200mm, and a total volume 
of 2,300cm3. The total volume refers to the volume obtained by subtracting the volume of the through holes 12 from 
the volume of the ent.re honeycomb filter 59. It is preferred that the thickness of the cell wall 13 be 0 46mm or less 
and more specifically, in the range of 0.20 to 0.46mm. 

S?tU?o Then - th6 - h Qn£ y comb - filter 59 -was wrapped.around.the.honeycomb.filter 59. In this state, the honeycomb 
filter 59 was retained in the casing. An engine having a displacement of about 3,000cc was then used to supply the 
exhaus gas purification apparatus 1 with exhaust gas at a flow rate of 7m/sec. In this state, the pressure value of the 
exhaust gas at the upstream side of the honeycomb Alter 59 and the pressure value of the exhaust gas at the down- 
stream side were measured. A pressure loss AP (mmAq), which is the difference between the values, was obtained 
Further the amount of soot at the rear side of the honeycomb filter 59 was measured to confirm the amount of partic- 
ulates that were not trapped. Further, a certain time period, the honeycomb filter 59 was taken out and observed with 
the naked eye to confirm cracks. The results are shown in table 1. 
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[0163] As shown in table 1, the pressure loss AP in example 5-1 was about 80mmAq, the value of which is extremely 
small. The particulate leakage amount was about 0.01g/km, the value of which is extremely small. The honeycomb 
filter 9 had a flexural strength of 6.5Mpa and had an extremely high level of mechanical strength. There were no cracks 
in the honeycomb filter 9. 

(Example 5-2, 5-3) 

[0164] In examples 5-2 and 5-3, the honeycomb filter 59 was manufactured basically in the same manner as in 
example 5-1. However, in examples 5-2 and 5-3, only the total volume of the honeycomb filter 59 was the same as 
that of example 5-1. The mixture ratio, sintering temperature, sintering time, etc. were changed as described below to 
adjust the pore diameter, porosity, and the through pore existence rate relative to the pores. 

[0165] In the produced sintered porous silicon carbide honeycomb filter 59 of example 5-2, the pore diameter was 
6 pm, the porosity was 32%, and the through pore existence rate was 30%. The same experiment as that of example 
5-1 was conducted. The pressure loss AP was about lOOmmAq, the value of which is extremely small. The particulate 
leakage amount was about 0.01g/km, the value of which is extremely small. The honeycomb filter 59 had a flexural 
strength of.6.2Mpa and.had.an extremely high level of mechanical strength. Further, there were no cracks in the hon- 
eycomb filter 59. 

[0166] In the produced sintered porous silicon carbide honeycomb filter 59 of example 5-3, the pore diameter was 
14 jim, the porosity was 48%, and the through pore existence rate was 45%. In the experiment result of this example 
the pressure loss AP was about 60mmAq, the value of which is extremely small. The particulate leakage amount was 
about 0.015g/km, the value of which is extremely small. The honeycomb filter 59 had a flexural strength of 6 OMpa and 
had an extremely high level of mechanical strength. There were no cracks in the honeycomb filter 59. 

(Comparative^ Examples- 1 to 3>- 

[0167] In comparative examples 1 to 3, honeycomb filters were manufactured basically in the same manner as in 
example 5-1 . However, in comparative example 1 , the total volume of the honeycomb filter was 700cm3, which is less 
than .1/4 the displacement (3,00Qcc).,F.urther,the.pore diameter. porosity,.and the.through pore existence rate relative 
to the pores was as described below. 

[0168] In the produced sintered porous silicon carbide honeycomb filter of comparative example 1 , the pore diameter 
was 3pm, the porosity was 10%, and the through pore existence rate was 10%. In the experiment result of comparative 
example 1 , the pressure loss AP was about 300mmAq, the value of which is extremely large. The particulate leakage 
amount was about 0.005g/km, the value of which is extremely small. The honeycomb filter had a flexural strength of 
7.2Mpa and had an extremely high level of mechanical strength. There were no cracks in the honeycomb filter. 
[0169] In comparative example 2, the total volume of the honeycomb filter was greater than that of examples 1-3 
and was 7,000cm3, which is two times or greater than the displacement (3,000cc). Further, in the produced sintered 
porous, silicon- carbide, honeycomb.filter,. the. pore diameter was. 20pm,. the. .porosity, was 70%,. and the. through..pore. 
existence rate was 1 5%. In the experiment result of comparative example 2, the pressure loss AP was about 40mmAq, 
the value of which is extremely small. The particulate leakage amount was about 0.04g/km, the value of which is 
extremely small. The honeycomb filter had a flexural strength of 2.5Mpa and satisfactory mechanical strength was not 
obtained. There were no cracks in the honeycomb filter. 

[0170] In comparative example 3, a cordierite honeycomb filter was produced through a known manufacturing method 
that differs from the manufacturing method of comparative examples 1 and 2. The total volume of the honeycomb filter 
was 700cm2. In the honeycomb filter, the pore diameter was 30pm, the porosity was 20%, and the through pore ex- 
istence rate was 15%. In the experiment result of comparative example 3, the pressure loss AP was about 120mmAq 
the value of which is large. The particulate leakage amount was about 0.015g/km, the value of which is large The 
honeycomb filter had a flexural strength of 3.1Mpa and satisfactory mechanical strength was not obtained. There were 
no cracks in the honeycomb filter. 

[0171] Table 1 shows the comparison result of examples 5-1 to 5-3 and comparative examples 1 to 3, as described 
above. 

(Experiment Result) 

[01 72] As apparent from table 1 , it was confirmed that exhaust gas passed smoothly through all of the honeycomb 
filters 59 in examples 5-1 to 5-3. Further, the particulate leakage amount was substantially null, and the required me- 
chanical strength of the honeycomb filter was obtained. In comparison, the required mechanical strength of the hon- 
eycomb filter was obtained in comparative example 1. However, exhaust gas did not pass smoothly through the hon- 
eycomb filter. Further, in comparison example 2, exhaust gas passed smoothly through the honeycomb filter. However 
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~ d , not Pass smooth(y through the 
[0173] The advantages of the honeycomb filter 59 of the fifth embodiment will now be discussed. 

!l T e h d 6 iS in *~ CaS ^ 8 "» h °- yC omb filter 9 is 

existence rate relative to* a^^S) " or orlJT ? 'T 9 ! POrOS,ty h 30 l ° 40% ' and the throu 9 h P°' a 
exhaust gas passes smoothfy toroug 'le nZZ lnLrlT ? h °" e r mb filter 9 is "ot excessively dense, 
and prevents deterioration o \ StX^SZ^!^^ « decreased. This improves fuel efficiency 
excessive, fine particulates are trapped an ttL t™ B !n'n T- nt ° f gapS ,n ,he hone y co ™b ™er 9 Is not 

filter 9 is Porous satisfactory mechan^a 8 ^ ' S T™^ Additiona "V. «ven if the honeycomb 

age caused by vibrations " ° bt3 ' ned - ThUS ' ,he pr ° duced hone * comb ™" 9 resists breaK- 

S, SSSSS^ pore diam r is 8 10 12 ^ the avera9e ■»— * is 35 

is further decreased, LZ f Zj," EST ^ ° t0 5 ° % °' ^ <he prSSSUre loss 

52 s 0 ea :: 9b ( odie ; s se n al the cel,s — ^ -°er 

area of contact with - exhaust gas ^ 

So Sriru^t^ the «- icemen, of the diese. engine 2. Since 

Further, the honeycomb fftergTn^ tS n T^' ° f ,he hone y comb «*" 9 is prevented, 

different .ocation oHhe none WdJS'ZTt- " T"™?* ° f ,emperature diffe ™<** between 
honeycomb filter 9 is decreased^ ACCOrdin9 ' y ' the the ™ al s «- a appfied to the 

[0174J The fifth embodiment may be modified as described below. 

porosity is 35 to 49%. and 20 to 50% oUhl ,ol! ! J fht t ^ d ' ame,er ' S 8 ,0 12 ^ m - ,he avera 9 e 
523 are connected to one ^£?j2E^iSXfc~ ^ ° U ' er °' ,he h ° n ^ COmb 

ai^^ Particles forming the eel, wall 13 of the honeycomb filter 

or less, the deposit of the P»«u£^t!'i££& fi. te^Th^inc^ ^ " Ce " Wa " S 13 '* ° ^ 
the fuel efficiency of the vehicle and degrades the 2 1 S» « I ,ncre r ases P ressure '°ss and thus decreases 
particulates cannot be trapped Tm a^^^^L T'- ^ 6XCeeds 10m2/9 ' fme 

comb filter 59 to become uSatisfactoT C3USeS the funCti ° n of the hone y- 



(Example 6-1) 



honeycomb filters 59 were produced fbaslcat HJ S Z ™ 9 ' eX3mpe 6 " 2 a " d ,he com P arativa example, 
honeycomb filter 59 of example 6 2 was K andZ r 35 !f mp,e 5-1 ' The Sp6Cific SUrface area of the 
comparative example was O.OSm'g Teach S he honlvLmhn!' ^n™, ° f ,he ho "W°«* ««« 59 of the 
exam , e , the densj{y _ ^ J*~J STi?rS m W ' " "« - ™* 

-welr^^^ 

the exhaust gas purification appa/afus ^t3hf„,? 9 3 , d, * placement of aboul 3-OOOcc was then used to supply 
the exhaust 'gas at the upstream ide oM hon^comb ^ZZ 9 "^- St3,e ' v ' ,u ^ 

downstream side were measured A pressure loss ApTmmA^ k , ,t P 6SSUre V3 ' Ue ° f the exhaust ^ as at the 
tained. The results are shown In table 2 ( ^ W Ch ' S lhe difference between ,he values ' ™ °b- 
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Table 2 





Example 1 


Example 2 


Comparative Example 


Specific Surface Area (cm 2 /g) 


0.3 


0.8 


0.05 


Particulate Pressure Loss (mmAq) 


180 


120 


250 



[0178] As apparent from table 2, the pressure loss AP of the honeycomb filters 59 in example 6-1, example 6-2, and 
the comparative example was 180mmAq, 120mmAq, and 250mmAq, respectively. Accordingly, in examples 6-1 and 
6-2, a large pressure loss such as that of the comparative example was not confirmed. 
[0179] The honeycomb filter 59 of the sixth embodiment has the advantages described below. 

(1 ) In the honeycomb filter 9, the specific surface area of the particles forming the cells wall 1 3 is 0. 1 m 2 /g or greater. 
Since the honeycomb filter 9 does not become excessively dense, exhaust gas passes smoothly though the interior, 
and the pressure..loss.is.decreased.Accordingly,fuel efficiency is improved and degradation of the driving feel is 
prevented. In addition, the upper limit of the specific surface area of the particles is 1 .0m 2 /g. Thus, the gap amount 
of the honeycomb filter 9 is not excessive and the trapping of fine particles is ensured. This improves the trapping 
efficiency. 

(2) The sintered silicon carbide cell wall 13 has superior heat resistance. This prevents the cell wall 13 from being 
deformed or burned away. Accordingly, fluid is efficiently purified over a long time period. 

(3) The porous cell wall- 13 enables-smooth passage- of the exhaust gas and , further, decreases, power, lossu. In 
addition, the trapping efficiency of particulates is further increased. 

[0180] The sixth embodiment may be modified as described below. 

[01811 A plurality.(.16).of honeycomb filters may be integrated to manufacture, a.ceramic filter assembly. The specific 
surface area of the cell wall of each honeycomb filter is 0.1 to Irr^/g. 

INDUSTRIAL APPLICABILITY 

[0182] The ceramic filter assembly of the present invention may be applied to an exhaust gas purification filter of a 
diesel engine 2, a heat exchange device member, a filter for high temperature fluid or high temperature vapor, etc. 



Claims 

1. An integral ceramic filter assembly (9) produced by adhering with a ceramic seal layer (15) outer surfaces of a 
plurality of filters (Ft), each of which is formed from a sintered porous ceramic body, the ceramic filter assembly 
being characterized in that: 

the seal layer (15) has a thickness (t1) of 0.3mm to 3mm and a thermal conductance of 0.1 W/mK to 10W/mk. 

2. The ceramic filter assembly according to claim 1, wherein the seal layer includes 70wt% or less of ceramic fiber 
as a solid. 

3. The ceramic filter assembly according to claim 1 or 2, wherein the seal layer includes ceramic fibers having fiber 
lengths of 100mm or less. 

4. The ceramic filter assembly according to any one of claims 1 to 3, wherein the seal layer includes as a solid 3wt% 
to 80wt% of an inorganic grain. 

5. An integral ceramic filter assembly (29) produced by adhering with a ceramic seal layer (15) outer surfaces of a 
plurality of elongated polygonal honeycomb filters (F1), each of which is formed from a sintered porous ceramic 
body, the ceramic filter assembly being characterized by: 

round surfaces (18) defined on chamfered corners of the outer surface of each honeycomb filter, wherein 
the round surfaces have a curvature R of 0.3 to 2.5. 
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7. The ceramic filter assembly according to claim 6, wherein the smoothing layer has a thickness of 0.1 mm to 10mm. 

8. The ceramic filter assembly according to claim 6 or 8, wherein the seal layer is thinner than the smoothing layer. 

9 - «rrx ordin9 10 any one of claims 6 to *• wherein the smoo,hin9 ,ayer is made '™ ■» 

1 °' 121^1" 3SSembly (49) Pr ° dUCed by adheri "9 wi,h a cera ™ seal layer (15) outer surfaces of a 

11. The ceramic niter assembly according to any one of claims 1 to 10, wherein the assembly is a diesel particulate filter. 

aCC ° rdin9 l ° ° f C,3imS 1 10 11 " Wherei " lhe * <°™ d '™ a sintered 

13. The ceramic filter assembly according to any one of claims 1 to 12, wherein the seal layer includes at least an 
STJ^T' ^ ""r" 0 biPder ' an ° r9aniC bind6r ' and an in0r 9 anic ^ and is "rme^om an efas'c matfel 

14 ' JnrnZTT a , SSemb,y accordin 9 10 a "V one °f claims 1 to 13, wherein the seal layer is formed from 10wt% 

16. Aruintegral honeycomb filter assembly (521 ^producedby adhe^ing.witlva ceramicseai lay er (522) outer surfaces 

2S£?5 ^ eyCOmb f " ,erS (523) ' 6aCh ° f WhiCh has a P lurali, V ° f d ^* d ^ a eel K $£n" whS 
punf.es flu,c hndudmg particulates with the cell wall, the honeycomb filter assembly being charactered m "hat 
a specific surface area of grains forming the cell wall is 0.1m*/g or more. 

^e a ^dTn7hr b fi ' ter (F1 ° 0) f ° rmed fr ° m 3 Sin,6red POr ° US C6ramiC b ° d * the being 
a ratio US between a filter length L in a flow direction of a processed fluid and a filter cross-section S in a 
d,rect,on perpendicular to the flow direction is 0.06mmW to O.TSmmW. 

1 8. A honeycomb filter (F1 00) formed from a sintered porous ceramic body, the honeycomb filter being characterized 
honey a crb^hr2otrmore f 7ZZ"' " 5 * ^ " ^ ^ * 3 ° l ° 5 ° % ' " ^ 

20. The honeycomb filter according to claim 18 or 19 comprising a plurality of cells including a first cell havina a first 
end surface sealed by a sealing body (14) and a second cell adjacent to the first cell by way of a 23 and 
havmg a second end surface opposite to the first end surface sealed by a sealing body wherL me ce I number 
per square ,nch is 120 or more, and the thickness of the cell wall defining the eel* is 0 46™ less 
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21. A honeycomb filter (59) having a plurality of cells defined by a cell wall (13) and purifying fluid including particulates 
with the cell wall, the honeycomb filter being characterized in that: 

a specific surface area of grains forming the cell wall is 0.1m2/g or more. 

s 22. The honeycomb filter according to claim 21 , wherein the cell wall is formed from a sintered silicon carbide body. 

23. The honeycomb filter according to claim 21 or 22, wherein the cell wall is formed from a porous body. 

24. An exhaust gas purification apparatus including a honeycomb filter (59) formed from a sintered porous ceramic 
body and arranged in a casing (8) that is located in an exhaust gas passage of an internal combustion engine (2) 
to eliminate particulates included in exhaust gas, the exhaust gas purification apparatus being characterized in 
that: 

an average pore diameter of the honeycomb filter is 5 to 15 u.m, an average porosity is 30 to 40% and the 
honeycomb filter has 20% or more of through pores. 



15 



25. The exhaust gas purification apparatus according to claim 24, wherein the average pore diameter of the honeycomb 
filter is 8 to 12jim, the average porosity is 35 to 49%, and the honeycomb filter has 20 to 50% or more of through 
pores. 



20 26. 



25 27. 



The exhaust gas purification apparatus according to claim 24 or 25 comprising a plurality of cells including a first 
cell having a first end surface sealed by a sealing body (14) and a second cell adjacent to the first cell by way of 
a cell wall and having a second end surface opposite to the first end surface sealed by a sealing body wherein 
the cell numberpersquarcinch-rs^ 

The exhaust gas purification apparatus according to any one of claims 24 to 26, wherein the total volume of the 
honeycomb filter is 1/4 to 2 times the total displacement of the internal combustion engine. 
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Fig. 9 
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Fig. 11 
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Fig. 13 
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Fig. 15 
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